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NOVEL PROTECTB^G GROUPS AND USE THEREOF IN AN IMPROVED 
PROCESS FOR OLIGONUCLEOTIDE SYNTHESIS 

Sequence Listing 

This application is accompanied by a sequence listing in primed form as well as a 
5 computer-readable form that identically replicates the contents of the printed form. 
Technical Field 

The present invention pertains to the field of protecting groups in organic synthesis and» 
more particularly, to the use of these compounds as nucleoside protecting groups. Still more 
specifically the protecting groups are used in the site-specific stepwise synthesis of oligonucleotides. 
10 Background Art 

Deoxyribonucleic acid ("DNA") and ribonucleic acid ("RNA") are central to information 
processing in living cells. DNA is the permanent information storage unit, similar to the hard drive 
on a computer. RNA is the cell's means of transferring and expressing this information from the 
DNA when necessary, like the RAM in a computer Both nucleic acid structures are long chain 

1 5 molecules consisting of monomer subunits, the sequence and order of which is the means of coding 
(Figure A), just as the order of letters in a sentence has a specific meaning. There are four 
monomer building blocks DNA and KNA (deoxy-adenosine and riboadenosine are illustrated in 
Figure B). By comparison, the english language uses 26 letters, or building blocks to build a 
sentence. DNA must be able to store its information permanently and, thus, it is relatively stable. 

20 RNA is meant to transfer information temporarily and, thus, is rather easily degraded by enzymes 
and extreme pH's or other harsh chemical conditions. Although human cells contain ~6 billion 
base pairs of deoxyribonucleic acid ("DNA"), it is very usefiil to synthesize and study 
oligonucleotides, or short lengths of DNA, of 20-30 bases long. Prior to 1982 the synthesis of 
oligonucleotides was a rather time consuming process which usually required the skills of chemists. 

25 The method of building anoligonucleotide chain requires a series of reactions to elongate the chain 
one monomer at a time. This series of reactions is repeated for each sequential monomer that must 
be added to this growing oligonucleotide chain. 

Conventional phosphoramidite chemistry, so named for a functional group on the monomer 
building blocks, was first developed in the early 1980s as disclosed in US 4,415,732. This 

30 functional group provided a relatively efficient means of joining a building block monomer to the 
growing chain. Solid phase synthesis disclosed by Caruthers et al. in US 4,458,066 was another 
improvement to oligonucleotide synthesis . In this technique, the growing DNA chain is attached 
to an insoluble support via a long organic linker which allows the the growing DNA chain to be 
solubilized in the solvent in which the support is placed. The solubilized, yet immobilized, DNA 
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to yield a free 5' hydroxy! group which can be coupled to the next protected nucleoside 
phosphoramidite. This process is repeated for each monomer added until the desired sequence is 
synthesized. 

The phosphoramidite technique was a significant advance in the art. Nevertheless, several 
5 problems are associated with the phosphoramidite protocols. These problems are as follows. All 
chemicals used in oligonucleotide synthesis must be compatible with the dimethoxytrityl protecting 
group, and this circumstance precludes the use of incompatible reagents as well as incompatible 
protecting groups for protecting the 2' position during RNA synthesis. The removal of the 
dimethoxytrityl group is reversible and, consequently, the cleaved dimethoxytrityl group must be 
1 0 thoroughly removed from the reaction or quenched to obtain maximum yields. Another problem 
is the various product impurities due to numerous side reactions that accompany the acid 
deprotection of the 5' hydroxyl during each cycle of base addition. The acidic conditions of 
deprotection lead to depurination during synthesis and, particularly, depurination of A^-protected 
adenosine. 

1 5 Attempts to utilize other protecting groups and reagents has largely failed to overcome the 

depurination problem. Aprotic acid conditions, which do not lead to depurination, work well only 
for oligonucleotide sequences less than about twelve units in length. The depurination rate is 
particularly sensitive to the choice of a protecting group for of adenosine. Phenoxyacetyl 
amide protecting groups slow the depurination rate relative to the standard benzoyl group by a 

20 factor of about two, but depurination remains a problem for long syntheses and large scale 
reactions. Amidine protecting groups slow depurination by a significant factor of 20, but the 
commercial wide spread use of amidines in oligonucleotide synthesis has not transpired, despite 
being described over 10 years ago. 

A significant disadvantage of using a 5' dimethoxytrityl group for the synthesis of 
25 oligonucleotides is that such use precludes the synthesis of oligonucleotides having acid labile 
backbones or functionalities. Modified , or unnatural, backbones are often used to impart stabilty 
to oligonucleotides which may be exposed to enyzymes which degrade oligonucleotides. For 
example, antisense oligonucleotides which incorporate diamidates, boranophosphates, or acid labile 
bases may hold promise in pharmaceutical applications, but present dimethoxytrityl synthesis 
30 techniques using the dimethoxytiyl protecting group precludes the manufacture of these materials 
by requiring the use of acid deprotection conditions during oligonucleotide synthesis. 

The use of the dimethoxytrityl group further prevents the use of other acid labile protecting 
groups. This is important for RNA synthesis because another hydroxyl group at the T position (see 
Figure B) must be protected. The use of the dimethoxytrityl group at the 5' position therefore 
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prevents the successful use of acid labile groups for 2' protection during RNA synthesis. 

RNA is more difficult to synthesize relative to DNA. This is not only due to the need for 
an additional orthogonal protecting group that must be compatible with all other pn,tecting groups 
butalsobecauseoftheinstabilityofRNAasmentionedearlier. The significance of this, relative 
5 to RNA oligonucleotide synthesis, is that the 2' hyxd«>xyl p„,tecting groups preferably should be 
the last protecting g«,ups removed and must be done so under mild, non-degradative conditions 

RNA .s particularly difficult to synthesize with conventional 5' dimethoxytrityl pn,.ecting 
group due to the difficulty of finding a suitable 2' protecting group. A .-butyldimethylsilyl ether 
protectmg group is presently used at the 2' position in conjunction with the 5' dimethoxytritvl 
.0 group, but the process lacks reliability. Coupling yields a« poor and high pressu. liquid 
ch^matography CHPLC") analysis of RNA product shows significant unexplained impurities 
These .mpurities significantly increase the difficulty of isolating the desired oligonucleotide 
Complete deprotection of the ,-butyldimethy.si.yl group from the oligonucleotide is questionable 
for long sequences. Dep^tection is done in organic solvents which further complicates the 
15 .solauon of the water soluble RNA from the deprotection reaction. Synthesis of the p^tected 
r Wleosides used for oligonucleotide synthesis is also ™ther costly and prone to yield impurities 
y complicate synthesis of natural RNA. As a result of all these complications, the use of a 5' 
d-methoxytrityl group in conjunction with a 2' t-butyldimethylsilyl protecting group is not reliable 
or eifficient. 

20 Another choice for 2' p«,tection is the acetal class of protecting groups. They can be 

|«noved under mild aqueous acidic conditions. This is desinible as a final RNA deprotection step 
because RNA is soluble in water, is easily isolated from water and is only slightly unstable under 
conditions for deprotection of some of the more labile acetals. Tlie use of acetals at the 
hydroxyl position has been attempted in conjunction with a 5' dimethoxytrityl g«>up. but veiy 

25 stable acetals must be used with the acid labile dimethoxytrityl group. Removal of acetals that are 
stable under dimethoxytrityl deprotection conditions requires stn,ng acidic conditions that d^e 
the RNA. Acetals have been attempted with alternative 5' protecting groups which are depn,tec.ed 
under non-acidic conditions. e.g. leuvinyl. but without significant success. 

Oligonucleotide synthesis according to H-phosphonate protocols will permit a single 

30 oxidation step at the conclusion of the synthesis cycles. However, coupling yields are less efficient 
than those for phosphoramidite chemistry and oxidation requires longer times and harsher reagents 
than amidite chemistry. 

There remains a need to find an alternative 5' p^tecting group that permits the use of acid 
labile linkages, reagents and protecting groups that are incompatible with dimethoxytrityl. increased 
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process yields, and reduction of product impurities without significant increase in cycle times. An 
alternative 5' protecting group would further be a significant advantage for RNA synthesis by 
allowing the use of more suitable T protecting groups. 

5 Disclosure of Invention 

Accordingly, it is an object of this invention to provide useful protecting groups and 
methods for the improved synthesis of RNA. 

It is further an object of this invention to provide useful protecting groups for the improved 
synthesis of DNA. 

1 0 Additional objects, advantages, and novel features of this invention shall be set forth in part 

in the descriptions and examples that follow and in part will become apparent to those skilled in 
the art upon examination of the following specifications or may be learned by the practice of the 
invention. The objects 

and advantages of the invention may be realized and attained by means of the instruments. 

15 combinations, compositions and methods particularly pointed out in the appended claims. 

The present invention achieves the foregoing and other objects via novel protecting groups. 
This invention also describes methods to apply these novel protecting groups to RNA and DNA 
synthesis. Additionally, these protecting groups may more generally be used in any site specific, 
step-wise synthesis of polymers in addition to nucleotide polymers. Still more generally, these 

20 protecting groups may be used in any organic synthesis. 

The present invention in its broadest sense encompasses materials and methods for use in 
site-specific step-wise synthesis that yield polymer chains, e.g., as in the formation of 
oligonucleotides and oligosaccharides. The synthesis protocol begins with the preparation of a first 
chain including at least one substituted monomer. This preparation step preferably includes 

25 attaching the substituted monomer to an insoluble polystyrene support. The substituted monomer 
is deprotected if necessary to expose a reactive site. A second protected monomer is provided 
having a silyl protecting group and/or an orthoester protecting group at specific sites. The second 
protected monomer is reacted with the deprotected site of the chain to yield an elongated monomer 
chain. The protecting group at the elongation point of this chain is deprotected to expose a reactive 

30 site ready to connect with the third substituted monomer with silyl and/or orthoester protecting 
groups. The synthesis method disclosed above is repeated until the desired chain length is 
achieved. 

A particularly preferred embodiment includes use of a 5' silyl protecting group and a 2' 
orthoester protecting group in the solid support synthesis of ribo-oligonucleotides via 
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Phosphoramidite chemistry. In this embodiment, the first nucleotide chain includes a first monomer 
unit. Addition of each subsequent monomer in the chain requires a cycle of reactions. During 
each cycle, the second protected phosphonunidite monomer is coupled to the exposed re^iy, site 
of the fim chain to yield a phosphite triester linkage via the 5' end of ti,e chain and the 3' end of 
5 the added monomer. TTe cycle of steps to provide and attach the second protected monomer to 
the cha.n. depratect the second monomer now attached to the chain, and couple the third monomer 
to the deprotected site on the chain are «peated for each additional monomer added to the chain 
synthesis can be used to construct specific sequences of DNA and RNA or functional 
homologues thereof. 

1 0 The tenn "fiinctional homologues" is hereby defined to mean polymers that deviate in some 

manner from naturally occumng substances acco«iing to textbook definitions, and are understood 
by those skilled in the art to function in a «lated manner. These non-natural oligonucleotides may 
.ndude radiolabeled nucleotides, nucleotides having chromophobes attached, sugar, other than 
nbose or deoxyribose, oligomers having alternative phosphate linkages. e.g. methyl phosphonates 

15 thiophosphates. boranophosphates. fluoridated ribose (or other halogens), alkyi ethers, substituted 
sugars, other substituted suga« and base-like materials having carbon and non-carbon heterocyclic 
mo.et.es, e.g. S-bromo-uridine. Additionally, the conventional bases are unden>tood to include 
adenine, guanine, cytosine, thymine, and uracil. 

A prefened method step of oligonucleotide synthesis includes the addition of fluoride ion 
20 to remove the silyl protecting group. This altemative for the repetative 5' deprotection conditions 
has resulted in higher process yields and fewer side p«Hlucts. As a result, purification of the lull 
length product is greatly simplified by the substantial absence of side-p,x>ducts which are very close 
to the full length product. Coupling of a protected phosphoramidite monomer with the deprotected 
end of the growing oligonucleotide chain is facilitated by the use of a suitable catalvst e g 
25 tetnoole, which yields a phosphite triester bridge that is stable under fluoride depiotection 
cond.t.ons. In contrast, conventional phosphoramidite oligonucleotide synthesis reactions require 
ac.d deprotection conditions that degrade the phosphite triester linkage. This circumstance of the 
conventional process r^uir^ an additional oxidation step in each cycle to convert an unstable 
phosphite triester into a more stable phosphotriester. 1„ the present case, the oxidation step is 
30 avoided by the absence of the acid-labile dimethoxytrityl protecting group, and full chain oxidation 
of the oligonucleotide sequence is conducted in one step at the conclusion of the synthesis. 

The 5' silyl group includes a central silicon atom with four substituents attached These 
substituents may be independent of one another or connected, e.g. to fonn a ring. One of these 
substituents is the protected 5' nucleoside hydroxyl. At least one of the thr^e other substituents 
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must be a siloxy or an alkoxy group. Preferably, all three other substiiuents are siloxy or alkoxy 
groups (any combination of siloxy and alkoxy groups is allowed). 

RNA synthesis requires a second protecting group located at the 2' position of the ribose 
ring in addition to a 5' protecting group. These orthogonal protecting groups are such that the 5' 
5 protecting group is removed by fluoride ions or other non-acidic reagents and the 2' protecting 
group is removed under acidic conditions. More specifically, the present invention for RNA 
synthesis utilizes an orthoester protecting group at the 2' position and a silyl group at the 5' 
position. The silyl group is as described in previous paragraph. The orthoester is preferably a non- 
cyclic orthoester. The orthoester group consists of three ether linkages, one of which is the 2' 
10 hydroxy I group of the protected nucleoside. The other two substituents of the orthoester can be 
any organic group. Preferably these two substituents are identical. Additionally, these substituents 
have some electron withdrawing capabilities. The use of an orthoester as a 2' protecting group 
permits the final ribo-oligonucleotide deprotection conditions to be mild and essentially non- 
degradative to the RNA product. 
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Brief Description of the Drawings 

nie accompanying drawings, which are inconK,rated in and fonn a part of the specifications 
.llustrate the preferred embodiments of the present invention, and together with the description 
serve to explain the principles of the invention. 
5 FIGURE A depicts a DNA chain and an RNA chain each five monomer subunits long and 

mcludmg each of the four naturally occurring deoxyribonucleosides and the four natumlly occumng 
nbonucleosides, the 5' and 3' ends being labelled; 

FIG. B depicts the structures 2'^eoxyadenosine and riboadenosine and illustrates the 
numbering of the sugar ring; 

10 FIG. C depicts a schematic representation of the cycle of reactions used 

in standard oligonucleotide synthesis strategies; 

FIG 1 depicts a nucleoside having a silylether protecting group bonded to the 5' carbon 
as well as multiple substituents that may be combined to form the silylether protecting group 
according to the present invention; 

15 FIG. 2 depicts a flow diagram that describes the synthesis of the precursor shown in Figure 

1 followed by phosphoramidite conversion of the precursor shown in Figure 1; 

FIG. 3 depicts a detailed reaction process that embodies a portion of ihe process shown 

Figure 2; 

FIG. 4 depicts a generalized flow diagram for using silyl protecting groups to synthesize 
20 polymers; 

FIG. 5 depicts the chemical reactions involved in synthesizing an oligonucleotide according 
to the present invention; 

FIG. 6 depicts a figure which represents a 2' protected nucleoside precursor for use in 
synthesizmg RNA according to the present invenUon; 
25 FIG. 6A depicts various substituents for use in combination with the FIG. 6 precursor: 

FIG. 7 depicts a schematic process flow diagram for the synthesis of orthoester protected 
precursors according to the present invention; 

FIG. 8 depicts a high pressure liquid chromatography ('•HPLC) trace of a polythymidine 
reaction product prepared according to the present invention; 

30 FIG. 9 depicts a HPLC trace similar to that of FIG. 8. but represents results from a 

polyadenylated sequence; 

FIG. 10 depicts a trace like that of FIG. 8. but represents results from a polyadenylated 
sequence prepared according to dimethoxytrityl protecting group chemistiy; 

FIG. 1 1 depicts an HPLC trace similar to that of FIG. 8. but represents results obuined 
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from (rUX^T; 

FIG. 12 depicts an HPLC trace similar to that of FIG. 8, but represents results obtained 
from (rC),!; and 

FIG, 13 depicts an HPLC trace similar to that of FIG. 8, but represents results obtained 
5 from (rA\T, 
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Bwt Moge for Qarr^ins, out the Invention 

S'-O-silylether protected nucleosides are synthesized that are suitable for solid support 
synthesis of oligonucleotides. This 5' silyl protecting group is used in conjunction with acid labile 
orthoesters at the 2' position of ribonucleosides to synthesize ribo-oligonucleotides via 
5 phosphoramidite chemisto'. Bis-(2-butyne) orthoesters are used for uridine and A^-benzoyl-cytidine 
B.s-phenoxyethyl orthoesters are used for TV-benzoyl-adenosine and JV-isobuty^^l-guanosine These 
protecting groups and the associated synthesis methods require less time than cum^m methods to 
synthesize ribo-oligonucleotides. Final dep„>tection conditions in this synthesis are aqueous buffers 
of low pH for a sufficiem period of time at 5-95" C. These conditions do not significantly degnuie 

10 the RNA product. The final preduct is produced in better yields and with better quality, i.e. with 
fewer side products, compared to current 5'-0-dimethoxytrityl nucleoside based RNA synthesis 
methodologies. When used for synthesis of DNA oligonucleotides the 5'-silyl pretecting graup 
enables the successful synthesis of oligonucleotides without depurination side preducts associated 
with conventional S'-Odimethoxytrityl nucleoside based syntheses. All syntheses are accomplished 

1 5 without oxidation of phosphite triester intennediates until one final oxidation step. 

A 5'.0H nucleoside protecting group preferably performs numerous functions in 
oligonucleotide synthesis. The group selectively reacts with the 5'-0H. thereby allowing a high 
yeldmg synthesis of protected nucleoside monomers. The group is preferably stable under amidite 
synthesis conditions, storage conditions, and oligonucleotide synthesis conditions. Rapid removal 

20 I.e.. less than one minute, of the group ftom a support-bound oligonucleotide is very desirable to 
speed up synthesis times and reduce prolonged exposure of the growing oligonucleotide to reagents 
Oligonucleotide synthesis is improved if the 5' protecting group is visible during deprotection e g 
from the addition of a chromophore silyl substituent. Additionally, the cost must not be 
prohibitive. The essential characteristics include stability under all synthesis and storage conditions, 

25 as well as rapid removal. 

Selection of protecting groups is complicated by the competing demands of the essential 
characteristics of stability and easy removal, and the need to balance these competitive goals Most 
substituenu that increase stability also increase the time it takes to remove the overall group, but 
the increase in stability and/or 5' selectivity correspondingly increases the level of difficulty in 
30 removal of the group. 

The addition of alkoxy and siloxy substituents to the 5' silylether protecting group increases 
the susceptibility of the protecting groups to fluoride cleavage of the silylether bonds. Increasing 
the steric bulk of the substituents preserves stability while not decreasing fluoride lability to an 
equal extent. An appropriate balance of substituents on the silyl group makes a silyl ether a viable 
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5'-0H nucleoside protecting group. 

In the context of phosphoramidite oligonucleotide synthesis, however, simply replacing a 
5'-0-dimethoxytrityl group with a 5'-0-silyl group and changing the deprotection conditions fails 
to provide a viable oligonucleotide synthesis. Several unobvious and novel modifications to the 
5 process are required. The 5'-0-silyl group is most effectively removed via fluoride ions. Fluoride 
ion sources can include any source of fluoride ion, e.g., from inorganic fluoride salts such as 
cesium fluoride and potassium fluoride to organic salts such as tetrabutylammonium fluoride. A 
crown ether catalyst is preferably utilized in combination with the inorganic fluoride salts to 
optimize their effect. Tetrabutylammonium fluoride is usually the preferred fluoride source. 

10 However, tetrabutylammonium fluoride deprotection of a 5'-0-silyl group during oligonucleotide 
synthesis, gave inconsistent results with comparatively lower full length yields and products 
contaminated with impurities. It was discovered that the most preferred fluoride ion sources for 
this invention were aminehydrofluorides. The choice of protecting groups for use on the phosphite 
triesters and phosphotriesters affects the stability of the triesters towards fluorine. Methyl 

15 protection of the phosphotriester or phosphitetriester was found to stabilize the linkage against 
fluoride ions and improve process yields. Also, methyl protection allows for synthesis of 
oligonucleotide sequences without oxidizing each cycle. Oxidation of the phosphite triester product 
in phosphoramidite chemistry is quicker and produces fewer undesired side-products than does the 
one-step oxidation of H-phosphonate chemistry. Therefore, the use of fluoride-labile protecting 

20 groups with phosphite triester linkages permits the use of milder oxidation conditions and higher 
process yields than with H-phosphonate chemistry. 

Still iiirther modiflcations needed to be made. Standard control pore glass solid phase 
synthesis supports can not be used in conjunction with fluoride labile 5' silyl protecting groups 
because the glass is degraded by fluoride with a significant reduction in the amount of full-length 

25 product. Fluoride-stable polystyrene based supports are preferred. 

Ribonucleosides have a reactive T hydroxyl substituent. In contrast, deoxynucleosides have 
no reactive T reactive substituent. Accordingly, it is desirable to protect the reactive 2' position 
in RNA with a protecting group that is compatible with a 5'-0-silyl protecting group, e.g. one 
stable to fluoride. Orthoesters were developed for stability under all synthesis conditions and 

30 workup reactions, yet these orthoesters were readily removed in a final acid deprotection step that 
minimized RNA degradation. 

Further modifications needed to be made for RNA synthesis. The standard 
phosphoramidite coupling catalyst tetrazole was found to be inadequate for this invention, as 
determined by relatively lower process yields. Stronger reagents, e.g. 5-ethyl-tetrazole, p- 
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nitrophenyltetrazole. are preferably utilized to increase the process yield. 

FIG. 1 presents nucleoside monomer Formula (I) and various substituents that may be 
appended to Formula (I). In Formula (I). R' is preferably a 2' orthoester pa,tecting group in the 
case of RNA synthesis (protecting the 2' ribose hydroxy moiety). H in the case of DNA synthesis 
5 or any other compatible moiety, e.g.. ethers, alkyl ethen.. esters, halogens, protected amines, and 
protected hydn,xyl moieties; R" can include any moiety as a precursor to the final monomer 
however. R" is preferably a phosphoramidite linkage and, more preferably. R" is a 
phosphoramidite linkage as shown in Fomiula (lA) wherein R, may be any compatible organic 
Iigand; R„ R„ and R, include at least one alkoxy or siloxy substituent, and may be any one of 

10 substituents (A). (B). (C). (D). (E). (F). (GX (H). (I), and (K). or compounds of similar molecular 
weight and steric bulk; BASE is a nucleic acid base which may include adenine, guanine, cytosine 
thymme. uracil, ^protected adenine, guanine and cytosine or functional homologues thereof The 
respective portions of Formula (I) include a central ribose-based sugar having a nucleic base 
connected to the I' ribose position, a hydroxy moiety connected to the 3' ribose position, and a 

15 silylether connected to the 5' ribose position. The broken line attached to each of the substituents 
(A) through (K) indicates a locus for attachment to the 5' silicon moiety. 

As indicated above, Fonnula (I) represents a precursor to the phosphoramidite nucleoside 
for use m oligonucleotide synthesis when R' is not a phosphoramidite moiety. A phosphoramidite 
moiety is preferably attached to the precursor when R" is a hydroxy moiety. Subsequent to the 

20 synthesis of 5'-0-silyl protecting group including R.. R, and R,. the 3' OH group is preferably 
converted ,o a phosphoramidite linkage by conventional protocols using 
bisdiisopropylaminemethoxyphosphine. as will be undemood by those skilled in the art The 
presem synthesis technique is also fiilly compatible with other types of phosphoramidite linkages 
such as those described in U.S. 4.415.732 which is hereby incorporated by reference herein to the 

25 same extent as though fully disclosed herein. Formula (I) including any combination of R., R, 
and R, substituents A-K can be synthesized from commereially available precun«,rs. or synthesized 
as described below or as described in the literature. 

FIG. 2 depicts an exemplary flow diagram that describes the synthesis of the Formula I 
precursor (when R" is -OH) followed by phosphoramidite conversion of the Formula I precursor. 

30 Step P20 includes providing an R, compound conesponding to a silyl gn>up with one or more of 
the desired substituents. R, R, and R,. This compound is preferably provided via commereial 
sources, e.g.. where R, is an alkyl group as with substituents A and D (see FIG. I), or by reacting 
SiCl, with an alcohol as with substituents B and K, or by reacting SiCl, with sodium salt of silanol 
or alcohoJ as with substituent E. 
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Step P22 includes reacting the Rx compound with an appropriate alcohol or silanol. The 
product may be purified or used as is or with minor purification. 

Step P24 includes repeating steps P20 and P22 up to one more time for triple substitution 
of the intermediate reaction product. Each repeat cycle of Step P20 may provide a new 
5 corresponding to one of substituents A-K of FIG. 1, or R;^ may remain the same. It is preferred 
to include at least one alkoxy or siloxy substituent selected from substituents A-K. because these 
substituents enhance fluoride lability of the 5* silylether. 

Step P26 includes substituting the silyl group derived from Step P24 for the hydrogen 
connected to the 5' oxygen of the nucleoside of Fomula (I). The substitution reaction is preferably 
10 facilitated by the addition of an imidazole catalyst, and is site-specific for the 5' hydroxy I. A 
nucleoside moiety including a specific BASE is preferably combined with the silyl group in the 
presence of the imidazole catalyst and reacted at room temperature for one hour or more. 

Step P28 includes attaching a phosphoramidite fiinctional group to the 3' hydroxyl of the 
silyl protected product derived from Step P26. A suitable solvent, e.g., anhydrous dichloromethane, 
1 5 is combined with the silyl group product and an excess amount of bis-diiospropy Imethoxyphosphine 
in the presence of a catalytic amount of tertrazole. The phosphorylation reaction conducts a site 
specific phosphoramidite substitution of the hydrogen connected to the 3' oxygen of Formula (I). 

EXAMPLE! 
SYNTHESIS OF 5'-0-SILYL PROTECTED 
20 3'-0-DnS0PR0PYLMETH0XYPH0SPHINE-THYMIDINE 

FIG. 3 depicts a detailed reaction process including Steps P30-P36, which also embody 
Steps P20 through P26 of FIG. 2. In this process, bis-trimethylsiloxy-dichlorosilane and bis- 
tritylglycerol were synthesized separately, combined, and then used to protect the 5'-0H of a 2'- 
deoxythymidine nucleoside. The reagents utilized in this example can be obtained from a variety 
25 of commercial sources, e.g.. Aldrich Chemical of Milwaukee, WI. 

Step P30 included synthesis of bis-trimethoxy-dichlorosilane. 

Trimethylsilanol ("TMSO OH") was formed by adding 10.4 moles of hexamethylsilazane 
(84 ml) to a stirred solution including 0.4 moles of glacial acetic acid (22.8 ml) in 400 ml of 
distilled water at 0^ C. The aqueous phase was removed and washed twice with 100 ml of ether. 
30 The ether washes were combined with the silanol phase and stored at -20° C to freeze out the 
excess water. The liquid solution was decanted and dried over potassium carbonate for 75 min, 
diluted to 750ml with ether, passed through a 0.45 \xm filter and used in the next synthesis. 
Nuclear magnetic resonance analysis indicated the formation of disiloxane in an amount ranging 
from about three to four mole percent relative to product. 
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Sodium trimethylsilanate ("TMSOW) was prepared by reacting the trimethvlsilanol in 
ether solution with 0.88 moles (21.1 g) of sodium hydride suspended in 500 ml of anhydrous 
tetrahydrofuran solvent under vigorous stirring conditions at 0°C. Stimng was continued for one 
hour at room temperature after the trimethysilanol solution was added by cannula. The reacted 
5 solution was filtered through celite for later use. Disiloxane concentration in the solution was 
detennined to be 17% by nuclear magnetic resonance analysis. 

Trichloro-trimethylsiloxy-silane was prepared by reacting an aliquot of the sodium 
trimethylsilanate solution containing 0.663 moles of sodium trimethylsilanate with 0.597 moles 
(68.5 ml) of tetrachlorosilane. The trimethylsilamite solution was added by cannula to a 

10 mechanically stined solution of the tetrachlorosilane 500 ml of ether at O" C. The salt was 
removed by centrifugation (8000 rpm for 10-15 min). and the solution was decanted off. The ether 
was removed in vacuo and the product was distilled at atmospheric pressure. Distillation 
commenced at an oil temperature of 1220C and continued to an oil temperature of 185»C to collect 
dichloro-bis-trimethylsiloxy-silane. The product contained 87.91 mole percent 

15 trichlorotrimethylsiloxy silane. 5.86% dichloro-bis-trimethylsiloxysilane. and 6.22% disiloxane. 
The crude product was not subjected to further purification. 

Bis-trimethylsiloxy-dichlorosilane was synthesized by reacting 0.3681 moles of 
trichlorotrimethylsilane in the crude reaction product with a 1 . 1 molar equivalent of trimethylsilanol 
prepared as before. The trimethylsilanol was cannulated to a mechanically stirred solution 

20 including the crude trichlorotrimethylsilane reaction product and 1.47 moles (205 ml) of 

triethylamine in 1000 g of ether at O^C. The solution was filtered under argon and the solvent was 

removed in vacuo. The product was fractionally distilled over calcium hydride at eQOQ and a 

pressure of 4 mm Hg to yield the bis-trimethylsiloxy-dichlorosilane reaction product and complete 
Step P30. 

25 Step P32 included synthesis of 1.3-0-bistrityletherglygerol. 

The 1 .3-O-bistrityletherglygerol was prepared by adding 0.304 moles (28g) of dry glycerol 
to 0.608 moles (169.52 g) of triphenylmethylchloride in 400 ml of pyridine solvent at O'C. Tlie 
reaction continued to completion overnight at room temperature. TTre product was purified on 
silica gel after an aqueous workup, and then crystallized to complete Step P32. 

30 Step P34 included combining the products from Steps P30 and P32. 

A 12 mmole (6.919 g) aliquot of the 1, 3-O-bistrityletherglygerol reaction product and 
mixed with 40 mmole (2.723 g) of imidazole were mixed with pyridine solvent and coevaporated. 
A 40 ml amoum of pyridine was added and the solution was cooled to 0«C in an ice bath. The 
resultant solution was rapidly stirred while 10 mmole (2.772 g) of bis(trimethylsiloxy) 
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dichlorosilane was added dropwise over a 1 minute time period. The solution was removed from 
the ice bath and stirred at room temperature for 15 minutes to complete step P34. 

Step P36 included addition of the product from step P34 to a thymidine nucleoside. 
A 12 mmole (2.904 g) quantity of 2'-deoxythymidine was coevaporated with pyridine and 
5 then resuspended in 24 ml pyridine. The silyl solution from Step P34 was added dropwise over 
30 min to the rapidly stirred thymidine solution at O^'C. The reaction was continued at room 
temperature for 1 hr. Thin layer chromatography utilizing a solvent including a 40:60 mixture of 
hexanes:ethyl acetate indicated that the reaction was complete. Distilled water (1 ml) was added 
and the solvent was removed in vacuo. An aqueous workup followed by column purification on 

10 600 ml silica with an elution solvent comprising a 50:50 mixture of hexanes:ethyl acetate) yielded 
4.88 g of a product having a 1023.05 g/mole molecular weight, i.e., 4.77 mmole for a 47% yield. 
The product was crystallized from a mixture of ethyl acetate and pentane to remove a trace 3'-0- 
silyl nucleoside contaminant to complete Step P36. 

The product derived from Step P36 was reacted to fonm a 5'-0-silyl protected 3'-0- 

15 diisopropylmethoxyphosphine-thymidine. A 1.783 mmole (1.824 g) aliquot of the 5'-0-silyl 
thymidine reaction product from Step P36 was dissolved with 654 ^1 of bis- 
diisopropylmethoxyphosphine in 20 ml of anhydrous dichloromethane to form a reaction mixture. 
A 0.5 M quantity of tetrazole was mixed with 1.7 ml of acetonitrile and added to the reaction 
mixture with stirring for 8 hours at room temperature. Thin layer chromatography utilizing a 

20 65:35:1 solvent mixture of hexanes:ethyl acetate:triethylamine indicated that the reaction was 
complete. An aqueous workup followed by silica gel purification provided a 67% product yield 
of the 5' silyl protected phosphoiylated nucleoside. 

Table 1 presents fluoride lability results that were obtained from various compounds that 
were made according to Example 1 from the various substituents of FIG. 1. Table 1 is provided 

25 immediately beneath FIG. 1 for easy reference thereto. For example, the first formulation listed 
in Table 1 derived from a combination of substituents A, A, and B as R„ Rj, and R3. FIG. 1 and 
Table 1 include substituents that have actually been found to work in the laboratory, but are not 
meant to be comprehensive lists of all substituents that will work. Additionally, any compatible 
alkoxy or siloxy substituent may be used having a molecular weight and/or steric bulk that 

30 approximates the substituents of FIG. I and Table 1. The number of useful substituents is very 
large, and will permit the incorporation of a chromophore, e.g., a dansyl moiety, into a silyl group 
corresponding to one of the R^ positions of Formula I. The second column includes a comparison 
of the time to a complete reaction that removed the fluoride labile silyl group. The time to a 
complete reaction was determined by thin layer chromatography from a solution including the 
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respective Fonnula (I) precursors in a tetrahydrofiiran solvent mixed with a molar fiaction of the 
precursor and five equimolar fractions of tetrabutylammonium fluoride. The precursors having 
lower reaction times are more preferred, with the 1-I'.E,E precursor being most preferred. 

FIG. 4 depicts a generalized schematic block process diagram for using silyl pmtecting 
5 groups to synthesize polymers. This process generally lends 
itself to any polymer synthesis, but preferred embodiments include the synthesis of sugar chains, 
such as oligosaccharides, oligonucleotides, and the like. 

Step P38 includes preparation of a first chain including at least one monomer having a silyl 
protecting group. This chain is preferably a nucleotide chain or functional homologue thereof The 

10 preparation step preferably includes attaching the first chain to an insoluble support, such as a 
polystyrene support. The use of a polystyrene-based support is most preferred due to the tendency 
of fluoride ion to attack and degrade glass. The reaction can also occur in solution without a solid 
phase support, but this mode of reaction enhances the difficulty in purification of the final product, 
in oligonucleotide synthesis, the support is prefenibly bound to the 3' end of the first nucleotide 

15 The silylether bond will, accordingly, be located at the 5' ribose position for a 3' to 5' direction 
specific synthesis. Those skilled in the art will understand that a reverse direction (5' to 3') 
synthesis is possible, but the reverse direction synthesis is less preferred because of increased costs 
associated with commercially available reagents. 

Step P40 includes deprotecting the first chain by removing the silyl protecting group. This 

20 step preferably involves fluoride assisted cleavage of the silylether (Si-0) bond. 

Step P42 includes providing a monomer having a silyl protecting group. 
In oligonucleotide synthesis, the monomer is preferably a phosphoramidite nucleoside having a 5' 
silyl protecting group. In RNA synthesis, the nucleoside preferably has a second protecting group 
comprising an orthoester at the 2' ribose position. These monomers, as well as monomers used to 

25 prepare the first chain of Step P38. can be synthesized according to the generalized process of FIG 
2. 

Step P44 includes coupling or reacting the monomer of Step P42 with the deprotectcd chain 
of Step P40. The coupling reaction generally follows established convemional protocols for 
phosphoramidite coupling reactions, with the exception that substituted tetrazole catalysts can 
30 provide enhanced yields in some RNA syntheses, and may be advantageously utilized as a 
replacement for the conventional tetrazole catalyst. The coupling reaction will not be complete in 
each cycle as some deprotected chains will feil to react with the phosphoramidite nucleoside of 
Step P42. Therefore, the coupling step is preferably completed by capping die unreacted chains 
to prevent the production of quasi-full length 



- 16- 



wo 96/41809 



PCTAJS96/09915 



chains that lack a few nucleotides of the true full length sequence. The shortened chains are later 
easily removed in column purification. Capping is preferably conducted by the addition of 
commercially available standard mixtures including acetic anhydride ("ACjO") and N-methyl 
imidazole or dimethylaminopyridine C'DMAP'*)* 
5 Step P46 includes repeating Steps P38, P40, P42, and P44 until the number of cycles is 

sufficient to provide a full length chain including the desired nucleotide sequence. In 
oligonucleotide synthesis. Step P42 can vary for each respective cycle by providing a nucleoside 
having a base corresponding to the desired sequence. 

Step P48 includes oxidation of the phosphite triester chain linkage to form a phosphotriester 

1 0 linkage. Oxidation is preferably conducted by the addition of /-butylperoxide in toluene. It will 
be understood, however, that oxidation is not completely conventional because Step P48 is 
conducted after the ftjil length sequence is constructed. It is often desirable to conduct Step P48 
prior to step PSO because the deprotection conditions that may exist in Step PSO will degrade the 
phosphite triester linkage. 

IS Step PSO includes removal of remaining protecting groups. In the case of RNA synthesis. 

Step PSO preferably includes a fmal acid deprotection for removal of the preferred orthoesters. 

EXAMPLE 2 
OLIGOIWCLEOTIDE SYNTHESIS PROTOCOLS 
Oligonucleotide synthesis was conducted on a Gene Assemble Plus synthesizer from 

20 Pharmacia of Milwaukee, Wisconsin. The protocols can be adapted by those skilled in the art to 
any commercially available synthesizer. A solid suppon was used for all syntheses, and included 
a thymidine polystyrene support with succinate linker from Pharmacia packed in 0.2 or 1 .0 pinole 
columns purchased form Miligen of Milford, Massachusetts. The silyl deprotection reagent is as 
follows: O.SM aqueous HF solution purchased from Mallinkrodt and 3.SM triethylamine ("TEA") 

2S solution in A^-methylpyrrolidone ("NMP**)« Wash solvents were acetonitrile ("MeCN") and a 1:1 
mixture of TEA:NMP. Amidites were dissolved to 0. 1 M in acetonitrile. The coupling catalyst was 
0.4SM tetrazole for DNA synthesis and 0.1 5M S-ethyl-tetrazole for RNA synthesis. The coupling 
time for DNA synthesis was one minute and in four minutes for RNA synthesis. Capping solutions 
included commercially available standards of acetic anhydride and N-methyl imidazole or 

30 dimethylaminopyridine. Final oxidation of the full length sequence was conducted using 3M t- 
butylperoxide in toluene. Table 2 includes an outline of the oligonucleotide synthesis cycle 
conditions following the generalized process depicted in FIG. 4. 
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TABLE 2 

OLIGONUCLEOTIDE SYNTHESIS OUTLINE DNA SYNTHESIS 

USING 5'-0-SILYL GROUP* 
Process SteprActivity Reagent 



CYCLE 



Time 
(seconds) 



P52: 5' silyl deprotection 



0.5 M HF & 3.5M TEA in 20 
NMP 



P54: Wash 



P56: Wash 



1:1 TEA/NMP 



MeCN 



24 



100 



10 P58: Couple 



15 eq. Amidite/lOO eq. 60 
tertrazoJe 



P60: Wash 



P62: Capping 



P64: Wash 



15 P66: Wash 



MeCn 



30 



acetic anhydride and DMAP 30 



MeCN 



1:1 TEA/NMP 



20 



24 



Synthesis was followed on the machine by a 45 second oxidation with /- 
butylperoxide in toluene. 

The support column is ,«moved fio™ the sy„ti,esizer a, the conclusion of the chain- 

elongafon cycles that a. conducted acco«iing to Table 2. A deprotection mixture is p^pared to 
20 conta. 200 n,g o, ^^^^^^ ^^^^^^ ^^^^ 

»lt ) .n 800 ml of dimethyl formamide ("DMF"). The deprotection mixture is syringed through 
the column for fifteen minutes to remove methyl protecting groups on phophotrieste,.. TT,e column 
.s next washed with distilled water then acetone, and air dried. The support is removed and placed 
m a sealed vial containing a mixt„„ of 750 ^ NH.OH and 250 M ethanol for a sixty minute 
25 mcubation at 65^C (16 hr for ^^-benzoyl-adenosine and A^-isobutyrl-guanosine) to ..move base 
PK)tectmg groups and cleave oligonucleotide lh,m the support. The liquid is removed from the 
v.al dned down, .^suspended in water, quantified and analyzed by averse phase or ion exchange 
nigh pressure liquid chromatography ("HPLC"). 

RNA synthesis requires some slight differences with respect to the DNA svnthesis protocols 
of Table 2. Orthoesters are used as 2'-OH p„,tecti„g groups for RNA synthesis, and Step P58 
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utilizes 0.1 5M iS-ethyl-tetrazole in place of the tetrazole catalyst in Table 2, Following NH4OH 
deprotection, the product is dried down and redissolved in 0.05M potassium phosphate buffer (pH 
3.0) and incubated at 65T for 1 hr. Acid deprotection of homopolymers of rA and rC have failed 
at room temperature but do work for homopolymers of U. This failure is presumed to occur due 
5 to secondaiy structure, but heating of the samples will result in successful deprotection. Applicants 
theorize that the addition of high salt (e.g. NaCI) to the solution will disrupt secondary structure 
of hydrophilic orthoesters and result in a room-temperature deprotection. Acid deprotection is 
preferably followed by the addition of 0.1 5M tris (pH 8.5) for 30 min at 65^C to remove 2'-0- 
formyl groups, which are byproducts of acid deprotection. 2'-C?-formyl groups are easily removed 

1 0 above pH 7. RNA products are preferably analyzed by HPLC with no further workup. 

FIG. 5 depicts the reactions involved in synthesizing an oligonucleotide according to the 
Table 2 protocol with reference to Steps P52 and P58 indicating the repetitive nature of the cycle. 
In FIG. 5, R' is preferably a 2' protecting group, H, or any other non-reactive group, and the 
remaining variables are as described in reference to Formula (I). 

15 FIG. 6 depicts Formula (II), which represents a 2' protected nucleoside precursor for use 

in synthesizing RNA. In FIG. 2, the R' is a 2' orthoester group corresponding to R' of Formula 
(I) (see FIG. 1); BASE' preferably includes a moiety selected from the group consisting of adenine, 
guanine, cytosine, uracil, or functional homologues thereof, and R^ can be any substituent but 
preferably is a silyl ether group, hydrogen, hydroxyl, or organic ligand. Formula (Ila) is a 

20 particularly preferred noncyclic orthoeester for use as R' in Formula (I) and Formula (II). In 
Formula (Ila), R is preferably one of substituents (AA), (BB), (CC), (DD), and (EE) as shown in 
FIG. 6A., wherein X„ X2, X,, X4, and X, can be any compatible ligand, are preferably a hydrogen, 
halogen, alkyi group, or cyano substituent; and R, is can be any compatible organic ligand. R' 
even more preferably comprises Formula (Ila) having as R one of the substituents (L), (M), (N), 

25 (O), (P), (Q), (S), (T), (U), (V), and (X). The remaining variables are as described in reference 
to Formula (I). The broken line attached to each of the substituents (L) through (X) indicates a 
locus for R group attachment to an oxygen of the 2' orthoester. 

All of these substituents were synthesized and tested for viability as R substituents. The 
major orthoester selection criterion was the stability of ultimate orthoester, i.e. as measured by half 

30 life of 2'-C^orthoester uridine in a pH 2 environment. Trials with several orthoesters suggested that 
the preferred orthoesters required a minimum half life exceeding five minutes in a pH 2 
environment at a temperature of 25**C. The pH adjustment was conducted by addition of 
hydrochloric acid to water. 

Table 3 is presented directly beneath FIG. 6 for easy reference thereto. The first column 
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of Table 3 includes a description of the synthesized compound.. e.g., the first entiy describes a 
compound wherein all R substituents are (L) moieties. The second column of Table 3 describes 
the half life of the compound in a pH 2 environment, as determined by HPLC. Ue compounds 
of Table 3 and the substituents of FIG. 6 provide an exemplaiy list of compounds that form 
5 suiuble onhoester protecting groups. Those skilled in the art will understand that numerous other 
suitable compounds exist having similar effect on the basicity of the oxygens in the othoester 
Each orthoester protected nucleoside has differom acid lability. 4-iV.benzoyl cytidine and uridine 
are comparable, while 6-A^-benzoyl-ade„osine and 2-Ar.isobutyry|.guanosine are both about 3 times 
moro stable. n,erofore. the most preferred orthoeste« for use in oligonucleotide synthesis were 
10 tr.-2.butyne orthoester for C and U nucleosides and triphenoxyethyl orthoester for A and G 
nucleosides. 

FIG. 7 depicts a schematic process ttow diagram for the synthesis of orthoester protected 
precursors according to Formula (II). and the subsequent use of these precursors to obtain the 
precursor of Fonnula (I) for application in the process of FIG. 2. 

15 Step P68 includes synthesis of an orthoester reagent. This step preferably includes the 

reaction of trimethylorthofonnate and an alcohol that but for the hydroxy moiety of the alcohol 
corresponds to the substituents (L) through (X) in FIG. 6. These reagents are preferably combined 
for reaction in the presence of a catalytic amount of ;^toluenesulfonic acid. Methanol is removed 
dunng the reaction by distilling at atmospheric pressure and temperatures greater than 100 C to 

20 drive reaction forward. 

Step P70 includes providing a ribonucleoside that is protected at the 5' and 3' ribose 
oxygens. The preferred protected nucleosides are 5'. 3'.0.tetraisopropylsiloxy|.nucleosides. which 
may be purehased from Monomer Sciences of Huntsville. Alabama. The tetraisopropylsiloxyl 
moieties are hereinafter referred to as TIPS protecting groups. 

25 Step P72 includes reacting the protected nucleosides of Step P72 with the orthoester reagem 

of Step P68. Except for uridine nucleosides, the reaction with the prefened TIPS nucleoside is 
preferably conducted in a dibutylphthalate solvent with high vacuum distillation of the alcohol 
byproduct to improve the yield which, otherwise, typically ranges from 20% to 60%. The reaction 
with uridine nucleosides are best facilitated by using no solvem. 

30 Step P74 includes removal of the 5'. 3'.TIPS protecting group from the reaction product 

of Step P72. Removal of the preferred TIPS groups is preferably conducted by reaction with 
triethylamine-hydorfluoride in acetonitrile. 

Step P76 includes use of the reaction product from Step P74 in step P26 of FIG. 2, in order 
to provide a 2'-orthoester-protected phosphoramidite nucleoside in Step P42 of the process depicted 
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in FIG. 4. 

EXAMPLE 3 

SYNTHESIS OF 2'-ORTHOESTER PROTECTED NUCLEOSIDE MONOMERS 

I'-O-BUTYNEORTHOESTER URIDINE, 
5 2'-0-BUTYNE0RTH0ESTER-A^-BENZ0YL CYTIDINE, 

2'-O.PHENOXYETHYL ORTHOESTER-N-BENZOYL ADENOSINE, AND 

2'-0-PHEN0XYETHYL0RTH0ESTER-A^-IS0BUTRYLGUAN0SINE 
An orthoester reagent was synthesized from 2-butene-l-oI. A reaction mixture was 
prepared including a 2.90 mole quantity (203.3 g) of redistilled 2-butyne-l-ol, a 0.935 mole 
10 quantity (102.3 ml) of trimethyl orthoformate (0,935 moles, 102,3 ml), and a catalytic amount 
(0.018 moles, 4.69 g) of /7-toiuenesulfonic acid were dissolved in 100 ml dioxane. The dioxane 
solvent was distilled off under reduced pressure. Four repeat cycles were conducted wherein an 
additional 1 SO ml quantity of dioxane solvent was added to the reaction mixture subsequently 
removed by distillation. A S ml quantity of triethylamine was added to the mixture, in order to 
15 quench the reaction. The crude reaction product was distilled from the reaction mixture at 95^0 
and a vacuum of 1 0 ^m Hg to provide a purified reaction product including a 54% yield of tri(2- 
butyne)-orthoester. 

The resultant orthoester product was used in the synthesis of 2'-0-butyne orthoester uridine. 
A reaction mixture was mixed to include a 5.1 1 mmole quantity (2.973 g) of 5\ 3'-0-TIPS-uridine, 

20 a 0.61 1 mmole quantity (153 mg) of p-toluene sulfonic acid, and a 30.55 mmole quantity (6.73 
g) of tri(2-butyne)-orthoester. The reaction mixture was heated under high vacuum at 65^0 for 3 
hours. A 1 ml quantity of triethylamine was added to quench the reaction. The 5\ 3' TIPS groups 
was cleaved by the addition of 5 ml l.OM HF, 2.0M triethylamine in acetonitrile. The cleavage 
reaction was complete after 1 hour. The solvent was removed in vacuo, and the residue was 

25 purified on silica gel to provide a 60.3% yield. 

The orthoester product was also utilized in the synthesis of 2'-0*butyneorthoester-4-^- 
benzoyl cytidine. The procedure was identical to that described in the preceding paragraph, except 
that 5', 3'-0-TIPS-(N-benzoyl)-cytidine was substituted for the 5', 3'-OTIPS-uridine. 

A phenoxyethyl orthoester was utilized in the synthesis of 2'-C>-phenoxyethanol orthoester- 

30 A^-benzoyl adenosine. A reaction mixture was prepared to include a 15 mmole quantity (9.2 g) of 
5', 3'-0-TIPS-(A^-benzoyl) adenosine dissolved in 50 ml of dioxane solvent with a 0.75 mmole 
quantity (188 mg) of p-toluene sulfonic acid and a 45 mmole quantity (19.1 g) of 
triphenoxyethanol orthoester. The reaction mixture was heated to 65°C and left to incubate 
overnight at that temperature.. Triethylamine was added to quench the reaction, and the solution 
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was passed over silica gel to «n.ove an excess amount of the onhoester reagent. The collected 
f«ct.ons including the desi«d taction pn,duct were combined and the solvent was removed in 
vacuo. The 5' and 3' TIPS protecting groups we« removed by the addition of a 30 ml solution 
including 1.0M HF and 2.0M triethylamine in acetonitrile. n,e yield of the desired ^on 

5 product was I90/.. 2'.0-phenoxyethylorthoester-Misobut,yI guanosine was prepared by a similar 
procedure. 

EXAMPLE 4 
SYNTHESIS OF A DNA HOMOPOLYMER 
dXHlTHlTHlTHlT (Sequence ID No. 1) 
10 A synthesis of B'-O-diisopropylmethoxyphosphine-thymidine monomer was conducted as 

described in Example 1. and used ,0 synthesize a thymidine homopolymer according to the DNA 
synthesis protocols set forth in Example 2. 

FIG. 8 depicts a high pressure liquid chromatography ("HPLC") trace of the reaction 
products. The X-axis repn««nts time in tenths of minutes. 71,e Y-axis represents a relative 
15 spectral absorption at a wavelength of 260 nm. Each peak is labeled with a computer-generated 
an» underlying the peak. The "Area Pe«ent" column identifies a relative abundance of the 
i^uon product associated with each peak. Two significam observations arise from the results 
depicted in FIG. 8. First, a 9,% yield of the lull length reaction product is as good as compa.«i 
to conventional yields for DNA synthesis having more than five connected monomer. Second 
20 there is a diminimished relative abundance of longer-retained products at times greater than aboui 
0.15 mmutes. n,e essential absence of these large products simplifies the purification precess. 

EXAMPLE 4 
SYNTHESIS OF A DNA HOMOPOLYMER 
dA-dA-dA-dA-dA-dA-dA-dA-dA-T (Sequence ID No. 2) 
25 The polyadenylated homopolymer sequence con^sponding to Sequence ID No 2 was 

synthesized by the DNA protocols set forth in Example 2. Comparative resulu were obtained from 
the conventional dimethyoxytrityl protocols set forth by ABI of Foster City. California. 

A silyl protected phosphoramidite adenosine nucleoside monomer was prepared in an 
Identical manner with respect to Example 1 . except an A^-benzoyl-deoxyadenosine nucleoside was 
30 substituted for the thymidine nucleoside. 

Synthesis and deprotection of the polymer employed conditions identical 
to those set forth in Example 2. Ammonium hydroxide treatment for cleavage from the support 
required a five hour reaction time at 650C. The crude oligonucleotide products were analyzed by 
ion-exchange HPLC. 
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FIG. 9 depicts a HPLC trace for the oligonucleotide products that derived from the silyl 
protected monomers indicating a 92% relative abundance of the iiill length product and a total 
0.68% relative abundance of longer retained impurities. FIG. 1 0 depicts a comparative HPLC trace 
of oligonucleotide products that derived from the conventional dimethoxytrityl protocols indicating 
5 an 87% relative abundance of the full length product and a 1.99% relative abundance of longer 
retained impurities. 

EXAMPLE 5 

SYNTHESIS OF HOMOPOLYMERS OF (rU),T, (rC),T, (rA),T 
A plurality of 2' orthoester protected RNA nucleoside monomer precursors were 
10 synthesized as in Example 3. These precursors included 2'-0-butyne orthoester uridine, 2'-0- 
butyneorthoester-4-A^-benzoyl cytidine, and 2'-0-phenoxyethyl orthoester-A^-benzoyl adenosine. A 
5'-0-silyl protecting group and ed a 3'-0-diisopropylmethoxyphosphine moiety were added to the 
respective precursors as in Example 1 to provide monomers for synthesis according to the protocols 
set forth in Example 2. 

15 Oligonucleotides including (rA)^ (Sequence ID No. 3), (rC\T (Sequence ID No. 4) and 

ir\}\T (Sequence ID No. 5) were synthesized as described in Example 2 with the exception that 
0.1 5M S-ethyl-tetrazoIe in acetonitrile was used as coupling catalyst. The time allocated to the 
coupling reaction (Step P58) was, accordingly, extended to four minutes. Deprotection was similar 
to deoxynucleotide polymers with the exception that thio-salt deprotection time was Increased to 

20 30 minutes and the NH4OH contact time extended overnight. The samples were dried to a powder 
and resuspended in a potassium phosphate buffer (pH 3.0) where they were incubated at 65** C for 
one hour. An equal volume of 0.1 5M tris (pH 8.5) was added and the resultant mixture was heated 

at 65* C for 30 minutes. The oligonucleotide products were analyzed by ion exchange HPLC. FIG. 
25 1 1 depicts the HPLC trace for (rU),T. FIG. 12 depicts the HPLC trace for (rC)^. FIG. 13 depicts 
the HPLC trace for (rAX^T. With the exception of (rC)^!, these traces indicate excellent 
homopolymer yields. 

EXAMPLE 6 

HETEROPOLYMER SYNTHESIS WITH COMPARATIVE HPLC ANALYSIS AND 
30 RIBOZYME CLEAVAGE ASSAY 

Synthesis and deprotection of heteropolymers was conducted in an 
identical manner to the RNA synthesis protocols set forth in Example 2. Table 4 serves to identify 
the various heteropolymer sequences that were synthesized. Sequence ID No. 6 is a substrate 
template for ribozyme cleavage. Sequence ID No. 9 is a corresponding ribozyme sequence. 
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7 
8 
9 



Sequence ID No. 7 Is a mixed polymer. Sequence ID No. 8 is the same as Sequence ID No 7 
with cytidine replaced by uridine. 

TABLE 4 

HETEROPOLYMER SEQUENCES 
Sequence ID No. Sequence 

^ 5' - GAAUCGAAACGCGAAAGCGUACUAGCG-T-3' 

5' - CUUAGAGUAGUCAUCGC-T-3' 
5' - UUUAGAGUAGUUAUUGU-T-3' 
5' - CGCUACUGAUGAGAUUC-T-3' 
10 The #6 sequence and con^ponding ribozyme sequence U 9 were synthesized by dimethoxytrityl 
chemtsto^ using standard protocols set forth by ABl of Foster City, California. Sequence U9 
■ncludes the same length and base composition as sequence # 7. but ammged in a diffen^nt 
sequential order. Ion exchange HPLC analysis of crude oligonucleotides yielded the following 
.-u ts in Table 5. Ove^ll crude product yields we. significantly mo. for oligonucleotides 
.5 syn^es-zedvathisinvention. Table 5 facilitates a compa„«ive analysis of the full length product 
yelds that derive from silyl p^tecting group chemist.^ venous analogous yields from the 
conventional dimethoxytrityl protecting group chemistry. 

TABLES 

COMPARISON OF OLIGONUCLEOSIDE YIELDS BETWEEN SILYL PROTECTING 
20 GROUP PROTOCOLS AND CONVENTIONAL PHOSPHORAMIDITC PROTOCOLS 
Sequence ID No. Dimethoxytrityl Silyl 

Chemistry Chemistry 



6 
7 



45% 27% 



72% 

25 8 

75% 

^ 62% 

Table 5. Comparison of percem of full length product in crude synthesis 

Oligonucleotides corresponding to Sequence Nos. 6 were synthesized by both methods. 
30 The n^pective oligonucleotide products we« purified by HPLC. Both of the #6 sequences were 
labelled with P'' via kinase reaction according to conventional protocols, and incubated with the 
No. 9 sequence. Time points were generated on polyacrylamide gel electrophoresis ("PAGE") to 
analyze the rate and extent to which the No. 6 sequences incuired cleavage. Table 6 includes the 
PAGE results. 
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TABLE 6 

COMPARISON OF KINETIC DATA FOR CLEAVAGE OF RIBOZYME SUBSTRATE 

Dimethoxytrityl Silyl 
Chemistry Chemistry 

5 % Substrate Uncleaved 17% 18% 

Initial Rate 0.703 min * 0.831 min ' 



Those skilled in the art will understand that the above discussion serves to identify 
preferred methods and materials for use in the present invention. The preferred embodiments, as 
1 0 described hereinabove, may be subjected to apparent modifications without departing from the true 
scope and spirit of the invention. Accordingly, the inventors hereby declare their intention to rely 
upon the Doctrine of Equivalents, in order to protect their full rights in the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



10 



20 



25 



(i) APPLICANT: Scaringe, Stephen A. 
Canithers, Marvin H. 

(ii) TITLE OF INVENTION: NOVEL PROTECTING GROUPS AND USE THEREOF 

IN AN IMPROVED PROCESS FOR OLIGONUCLEOTIDE SYNTHESIS 

(iii) NUMBER OF SEQUENCES: 9 



(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Steven C. Peteisen 
1 5 (B) STREET: 1 900 Fifteenth Street 

(C) CITY: Boulder 

(D) STATE: CO 

(E) COUNTRY: USA 

(F) ZIP: 80302 



(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 



(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT 

(B) FILING DATE: 07-JUN-1996 
30 (C) CLASSIFICATION: 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/488.878 

(B) FILING DATE: 09-JUN-1995 

5 (viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Petersen, Steven C. 

(B) REGISTRATION NUMBER: 36,238 

(C) REFERENCE/DOCKET NUMBER: file no. 16840-01 

10 (ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 303-546-1300 

(B) TELEFAX: 303-449-5426 

(2) INFORMATION FOR SEQ ID N0:1; 

15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA (sythentic)" 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

Tmr 5 
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(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
1 0 (A) DESCRIPTION: /desc = "DNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
AAAAAAAAAT 

IS 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 0 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
25 (A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
AAAAAAAAAT j. 

30 
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(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
S (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
1 0 (A) DESCRIPTION: /desc = "RNA (synthetic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

CCCCCCCCCT 10 

15 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
25 (A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

UUUUUUUUUT 10 

30 

« 
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(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

GAAUCGAAAC GCGAAAGCGU ACUAGCGT 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
CUUAGAGUAG UCAUCGCT 
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(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
S (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
1 0 (A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

UUUAGAGUAG UUAUUGUT 1 8 

IS 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
25 (A) DESCRIPTION: /desc = "RNA (sythentic)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

CGCUACUGAU GAGAUUCT 18 

30 
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Claims 

1. A protected monomer for use in stepwise oligonucleotide synthesis having a 
molecular formula comprising: 




whe«m R' is selected fiom a first group consisting of a 2' orthoester protecting group. H, ethen! 
10 alkyl ethers, esters, halogens, protected amines, and protected hydroxyl moieties; R" can include 
any hgand'; R,. R,. and R, include at least one alkoxy or siloxy substituent; and BASE is a nucleic 



acid base. 
2. 
3. 

15 formula 



The monomer as set forth in Claim 1. said R' being a phosphoramidite moiety. 
The monomer as set forth in Claim 2, said phosphoramidite moiety having a 



\ 

20 

wherein R^ is any organic ligand. 

4. The monomer as set forth in Claim 1 , wherein said R, R„ and R, are selected from 
a second group consisting of 
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5. The monomer as set forth in Claim 1, wherein said R„ Rj, and R, 
are selected from a second group consisting of 



5 




6. The monomer as set forth in Claim 1, each of said R„ Rj, and Rj each being 
selected from a second group consisting of alkoxy and siloxy moieties. 

10 7. The monomer as set forth in Claim 1, wherein R' is said orthoester protecting 

group. 

8. The monomer as set forth in Claim 7, said orthoester protecting group being a 
noncyclic orthoester. 

9. The monomer as set forth in Claim 8, said R' having a substituent formula 

IS 




20 wherein said R4, R3, and R^ are orthoester protecting group substituents. 

1 0. The monomer as set forth in Claim 9, wherein said R is selected from a third group 
consisting of 
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11. The monomer as set forth in Claim 1 , said BASE being selected 
from a group consisting of adenine, guanine, cytosine, thymine, uracil. A..p„,tected adenine 
guanme and cytosine and fiinctional homologues thereof. 

12 In a protected monomer of the type used in stepwise polymerization reactions, said 
5 monomer having a plunility of protecting groups to facilitate said reactions, the improvement 
compnsmg one of said protecting groups being a silyl g„,up and another of said protecting groups 
being an orthoester. *^ 

13. A method for site-specific stepwise polymerization comprising the steps of: 
preparing a first monomer chain including at least one substituted monomer having a first silyl 
10 protecting group; 

depn,tecting said one substituted monomer by removal of said first silyl protecting group to yield 
a deprotected chain; 

providing a second s„b«ituted monomer having a second silyl protecting group at a specific site 
on said second substituted monomer; and 

15 reacting said second substituted monomer with said dep^tected chain to yield an elongated 
monomer chain. 

'\ ^ forth in Claim 13, wherein said deprotecting step includes a step 

of addmg fluoride ion to remove said finrt silyl protecting group. 

15. The method as set forth in Claim 13. wherein said fin^t monomer chain includes 
20 a fin. phosphoramidite substituent and said reacting step includes converting said first 

Phosphor^nidite substituent into a phosphitetriester linkage by reaction of said deprotected 
monomer with said first phosphoramidite substituent for elongation of said first chain. 

16. The method as set forth in Claim 15. wherein said one substituted monomer and 
sa.d second substi,«ed monomer are respectively coupled to corresponding bases independently 
selected fiom a group consisting of adenine, guanine, cytosine. thymine, umcil. and fi,nctional 
homologues thereof. 

1 7. The method as set forth in Claim 1 5. wherein said second substituted sugar includes 
a second phosphoramidite substituent, thereby becoming said one substituted monomer in said first 
monomer chain after elongation of said chain, and said method includes repeating said providing 

30 deprotecting. reacting, and converting steps. 

18. The method as set forth in Claim 13. wherein said repeating step is conducted 
without first oxidizing said phosphitetriester linkage. 



-34- 



wo 96/41809 



PCTAJS96/09915 



19. A method of synthesizing an oligonucleotide sequence, said 
method comprising the steps of: 

preparing a first chain including at least one phosphoramidite nucleoside having a first nucleic base 
moiety and including a first sugar having a first sityl protecting group moiety; 

5 deprotecting said one phosphoramidite nucleoside by removal of said first silyl protecting group 
moiety to yield a deprotected chain; 

providing a protected phosphoramidite nucleoside including a formula having a second nucleic base 
moiety and a second sugar having a second silyl protecting group moiety; and 

reacting said deprotected chain with said one protected phosphoramidite nucleoside to form a 
10 second chain including said second nucleic base moiety. 

20. The method as set forth in Claim 19, wherein said providing step includes said 
protected nucleoside having a formula 

HO 1/ 

\ 

wherein R' is selected from a first group consisting of a T orthoester protecting group, H, ethers, 
alkyi ethers, esters, halogens, protected amines, and protected hydroxyl moieties; R" can include 
20 any ligand'; R„ Rj, and R, include at least one alkoxy or siloxy substituent; and BASE is a nucleic 
acid base. 

21. The method as set forth in Claim 20, wherein at least one of said 
Ri, Rj, and Rj is selected irom a group consisting of 
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22. The method as set forth in Claim 20, wherein at least one of said 



R., Rj. and R, are selected from a group consisting of 



y 9' 

23. The method as set forth in Claim 20. said R' being said 2' 
protecting group and including an orthoester. 
10 24. 



The method as set forth in Claim 23. wherein said R' includes 



a formula 



on 

OR 



IS 



wherein R is a 2' protector group substituent having up to about twenty carbon atoms. 

25. The method as set forth in Claim 24. wherein said R is selected 
from a protector group consisting of 



20 V^SX-C' t^^^Olz »>/^s^OM• 





CN 



"^c. 



25 




'10 ^^V^ 



CN 



26. 



Prt>v.dmg. and reacting steps through a plurality of cycles without oxidizing to stabilil 
phosphorous (III) linkages in said chain. 



30 27. 



The method as set forth in Claim 26. wherein said plurality of cycles 



^ , - - ^ — exceeds five 

cycles. 
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28. The method as set forth in Claim 19, wherein said reacting step includes a step of 
deprotecting said protected nucleoside by the addition of a fluoride moiety to cleave a silyl ether 
and remove said protecting group. 

29. The method as set forth in Claim 19, wherein said preparing step includes a step 
S of coupling said one nucleotide to an insoluble non-glass support. 

30. The method as set forth in Claim 29, said non-glass support being a polystyrene 

bead. 
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i.) Unblock the 5' group 

11.) Couple the S' unblocked end with second base 

HI.) Any 5* ends that did not react ('^2%) are capped 

iv.) Stabilize linkage between base one and base two 

I.) Chain is now two bases long - unblock 5* end and 
repeat cycle to add base three 

Figure C 
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DNAmNA S'-SIIyl Synthesis Cycle 




I 

N(IPr)a 



I. ) Tetrazole or 
S-Et-Tet, 1 -4 min MoO-p* 

II. ) Ac20, N-Me-lmId 



0 R 



in.)TEAHF,TEA,NMP/y + 
15 sec 



After final base coupled: 

1.0 M tBuOOH In toluene, 45 sec 





HO 



O 



wo 96/41809 



PCT/US96/09915 



8/15 




wo 96/41809 



PCT/US96/099I5 



9/15 




wo 96/41809 



PCT/US96/09915 



10/15 



c 



iL 



r 



no 



L 



Mi 



U5L A*-oAucr /A/ 



wo 96/41809 PCT/US96/09915 

11/15 




wo 96/41809 



PCTAJS96/09915 



12/15 




wo 96/41809 



13/15 



PCTAJS96/09915 




wo 96/41809 



PCT/US96/09915 



14/15 



0.26- 
0.24-: 




0.22^ 




0.20^ 








0.16-. 




0A4-. 
<0.12^ 




0.10^ 




0.08H 




o.oeJ 




0.04-3 




0.02j 




o.ooi 


J\ 1^ 




lO.UU 15.00 
Minutes 



FIG. 11 



wo 96/41809 PCT/US96/09915 

15/15 



0.261 
0.24-. 
0.22-: 

« 

0.20^ 
0.18-: 
0.16^ 

« 

0.14-: 
< 0.124 
0.10^ 

0.06^ 
0.04^ 
0.02- 
0.0( 



00 



1 



m 
ri 

1 



JQ 

SO 




T L ' I » ' • I ' I I I I I I — I— I — I I I I I 

S.OO 10.00 15.00 20.00 

Minutes 

FIG. 12 





0.26: 




0.24^ 




0.22-: 




0.20i 




0.18-: 








0.14- 




0.12- 




OAO- 




0.08- 




0.06- 




0.04 




0.02 




0.00 




15.00 
Minutes 



2o:ao 



FIG. 13 



INTERNATIONAL SEARCH REPORT 



Intemaiional application No. 
PCT/US96/09915 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C07H 1/00, 19/10, 19/20 

US CL :536/25.34, 26.1 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 536/25.34,26.1 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
None 



Electronic data base consulted during the international search (name of data base and, where practicable, search tenns used) 

STRUCTURE SEARCH IN FILE REGISTRY; APS AND CAPLUS KEY WORDS: ORTHOESTER. 
SILYL. OLIGONUCLEOTIDE SYNTHESIS 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



RESMINI ET AL. 9. Nucleotides. Part XXXIX. Synthesis of 
Arablnoside Phosphoramidite Building Blocks. Helvetica 
Chimica Acta. 1993, Vol. 76, pages 158 • 167, especially 
page 159, structures 10-12 and 33 - 40 and page 160, 
second full paragraph. 

US 4,415,732 A (M.H. CARUTHERS ET AL.) 15 November 
1983 (15.11.83), see clainns 1 - 20. 

US 4.458,066 A (M.H. CARUTHERS ET AL.) 03 July 1984 
(03.07.84), see claims 1 - 40. 

SEKINE et al. Cyclic Orthoester Functions as New Protecting 
Group in Nucleosides. J. Am. Chem. Soc. 1983, Vol. 105, 
pages 2044 - 2049, especially compound 5 on page 2045. 



12 



1 - 11 and 13 
30 



1 - 12 



13 - 30 



1 - 30 



Further documents are listed in the continuation of Box C. | j See patent family annex. 



•L* 
"O* 



Special calegoriei of ched documenit: 

documenidenning the geaeral lUite of the «it which b not considered 
lo be of ptflicubr fekvence 

carticr document published on or after the interoatiooal filing date 

document which may throw doubts oa priority claim(i) or which vt 
cited to eatablith the publication dale of another citation or odier 
•pccial raNoo (aa q>ccifled) 

document leferrbs lo an oral diicioaun. uae, exhibition or other 



•X' 



document published prior to the inlernational filing dale but bter than 
the prioriiy date ctnimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to undentand the 
priiicq>k or theoiy underlying the inventioa 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered lo invoKc aa inveoliyeatep 
when the document is taken alone 

document of particular relevance; the churned invention cannot be 
considBred lo involve an inventive step when the document is 
combined with one or more other auch donunenls, such combinatioo 
being obvious lo a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



15 AUGUST 1996 



Date of mailing of the international search report 



30 




Name and mailing address of the ISA/US 
Commissioner of Patents and Tradeniarks 

Box per 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

GARY L. KUNZ 
Telephone No. (703) 308^1235 




Form PCT/ISA/210 (second sheetXJuly 1992)* 



